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SUMMARY : This study aimed to establish normal reference values for wrist bone morphometry on posteroanterior radiographs in
individuals aged 20-74 years, and to analyse how these values and derived wrist-related ratios vary by age and genglerag berstudted
using bilateral posteroanterior wrist radiographs from 300 healthy individuals. The lengths and angles of the wrist boeeswertusing
the Horos Medical Viewer programme, and wrist ratios were calculated based on these measurements. Participants weréntatigeesed
age groups: 20-39, 40-59, a#6D years. Data were analysed according to both age and sex. All length measurements, as well as the carpal
angle, carpal-height ratio, carpal-radial ratio, and carpal-ulnar ratio, were statistically significantly higher in maidentedlas (p < 0.001).
Age group analysis showed that individuals aged 20-39 years had lower left carpal height and carpal-radial distance aidgpanen s
(p < 0.05). Ratio analyses further revealed significantly lower carpal height, carpal-radial ratio, and carpal-ulnane&®-8ctage group,
while no significant age-related differences were observed in angular parameters or most linear measurements. Wrist morgasumertnents
are widely used in the diagnosis and evaluation of wrist pathologies. Therefore, establishing normal reference values diffecéit
populations and age groups is essential. We believe that our study will provide a useful reference for future reseéietth.in this
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INTRODUCTION

The wrist joint is among the most frequently usedheasurements have been employed since 1978, when Youm
joints in daily activities, rendering it highly vulnerable toet al (1978) first introduced parameters such as carpal height
traumatic injuries and degenerative disorders. Due to {tSH), carpal-height ratio (CHR), and carpal-ulnar distance
complex anatomy encompassing vital structures such @UD) (Jeharet al, 2019). These radiological parameters
blood vessels, nerves, and tendons comprehensivary significantly in the presence of wrist pathologies;
knowledge of its anatomy, morphometry, and biomechanicelerefore, their evaluation is valuable for diagnosing and
characteristics is essential for accurate clinical evaluatigianning the treatment of wrist disorders, as well as for
and effective treatment planning (Acikgétzal, 2022). monitoring treatment outcomes (Omireteal, 2022). Given

the diagnostic and therapeutic importance of radiographic

Clinicians use carpal indices and morphometrigvrist measurements, establishing population- and ethnicity-
measurements to diagnose and manage wrist conditions, sgpbcific reference values is essential. However, knowledge
as distal radius fractures, Kienbock's disease, carpal instabilifhout wrist bone morphometry and age- and sex-related
carpal bone fractures, carpal tunnel syndrome, and ulnairiations in the Turkish population remains limited.
impaction syndrome (Bhat al, 2024). Wrist pathologies
are commonly assessed using posteroanterior (PA) and lateral  This study aimed to evaluate selected morphometric
radiographs, dynamic imaging, or computed tomographgharacteristics and wrist-related ratios derived from
Despite advances in imaging techniques, plain radiograppssteroanterior wrist radiographs in individuals aged 20-74
remain the most widely used and preferred initial method fgears and to establish population-based reference values by
visualising the bony structures of the wrist. Radiographic wrigikamining differences according to sex and age.
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MATERIAL AND METHOD Third metacarpal bone length (TMCL, Fig.1): The
distance between the proximal-most and distal-most points
Procedure on the third metacarpal (Bhet al, 2024).

This retrospective study included 300 individualsCapitate length (CL, Fig.1): Measured along the longest
comprising 150 males and 150 females, aged 20-74 yeaszis of the capitate, from its proximal to distal ends. The
who presented to the Ondokuz Mayis University Healthxis was determined by the intersection of the capitate with
Application and Research Center without wrist pathology artie second and third metacarpals at the distal articular
underwent posteroanterior radiographs of the hand and wristirface, with a line drawn to the proximal cortex (Bétat
Bilateral PAwrist radiographs were evaluated, and individuadd., 2024).
were categorized into age groups: 20-39, 40-59,>&0d
years, according to biological stages of adulthood and the on€etrpal height (CH, Fig.1) : The distance from the distal
of age-related degenerative changes. articular surface of the radius to the base of the third

metacarpal bone (Bhat al, 2024).Scaphoid length (SL):

Individuals aged 75 years and older were excluded frofthe distance between the distal and proximal poles along
the study to minimise the potential influence of advanced agihe longitudinal axis of the scaphoid bone (Vatail, 2017).
related degenerative changes on measurement outcomes. With
increasing age, degenerative conditions such as osteopordsisjate width (LW, Fig.1): The maximum transverse
osteoarthritis, and subchondral sclerosis become madameter of the lunate, aligned with the distal radius (Vaezi
prevalent and can cause significant alterations in bomt al, 2017).
morphometry. These changes may lead to measurement
inconsistencies and complicate the establishment of relialilarpal radial distance (CRD, Fig.1): The distance between
anatomical reference values. a line passing through the radial styloid process and the

rotational centre of the wrist (Mohammed Ali, 2009).

The study was approved by the Ondokuz Mayis
University Clinical Research Ethics Committee (Approval NoCarpal ulnar distance (CUD, Fig.1): The distance between
2020/685) and conducted in accordance with the Declaratitite longitudinal axis passing through the most prominent
of Helsinki. distal point of the ulna and the rotational centre of the wrist

(Mohammed Ali, 2009).

Wrist radiographs were obtained in a standardised PA
projection at a fixed distance of 90 cm, using uniform exposuggarpal-height ratio (CHR, Fig.1): Calculated by dividing
settings (48 kV, 3.2 mAs). Individuals with a history of surgerthe CH by the length of the third metacarpal bone (Yetim
or trauma, musculoskeletal or congenital anomalies of tla¢, 1978).
hand, or wrist-related pathologies (e.g., arthritis, bone tumours,
and carpal tunnel syndrome) were excluded from the studyRevised carpal-height ratio(rCHR, Fig.1): Determined by

dividing the CH by CL (Nattrasst al, 1994).

Morphometric measurements were performed digitally
on the radiographs using Horos Medical Viewer softwar€arpal-radial ratio (CRR, Fig.1): Calculated by dividing
(Version 3.3, USA). All measurements were conducted bythe carpal radial distance by the length of the third metacarpal
single investigator and repeated three times at different tirbene length (Mohammed Ali, 2009).
points, and the mean values were recorded. Linear
measurements were expressed in millimetres (mm) and angularpal-ulnar ratio (CUR, Fig.1): Calculated by dividing
measurements in degreék (Wrist-specific anatomical ratios CUD by the length of the third metacarpal bone length
(carpal height ratio, revised carpal height ratio, carpal-radiétlohammed Ali, 2009).
ratio, and carpal-ulnar ratio) were calculated based on the

obtained linear values. Radial inclination angle (RIA, Fig.2): The angle formed
between a vertical line along the longitudinal axis of the
Morphometric Measurements radius and a line drawn from the radial styloid to the ulnar

aspect of the distal radius (Mohammed Ali, 2009).
Hand length (HL, Fig.1): The distance from the midpoint of
a line connecting the radial and ulnar styloid process€&arpal angle (CA, Fig.2): The angle formed by the
(corresponding to the midpoint of the distal wrist crease) fatersection of two lines tangential to the proximal margins
the tip of the third digit (Karamaet al., 2008). of the lunate and triqguetrum bones (Hargeal, 1974).
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Fig. 1. Linear measurements of the wrist. HL: hand length, TMCL: third metacarpal bone length, CL: capitate length, Cidigiatrpal
SL: scaphoid length, LW: lunate width, CRD: carpal radial distance, CUD: carpal ulnar distance, CHR: CH/TMCL, rCHR: CH/CL,
CRR: CRD/TMCL, CUR: CUD/TMCL

Fig. 2. Angle measurements of the wrist. RI: radial inclination angle, CA: carpal angle.

Statistical analysis All statistical analyses were performedmorphometric parameters, angular measurements, and wrist-
using the Statistical Package for the Social Sciences (SP&3ated ratios according to age and sex.
Version 20.0; IBM Corp., Armonk, NY, USA). Statistical
significance was set at p < 0.05 with a 95 % confidencex-related comparisonsAnalysis revealed that all length
interval. The normality of data distribution was assessedeasurements were significantly greater in males than in
using the Shapiro—Wilk test. Differences between sexes wdegnales jp < 0.001). Among the angular measurements, the
evaluated using Student’s t-test for normally distributedarpal angle was significantly higher in males<(0.001),
variables and the Mann-Whitney U test for non-normallwhereas no significant sex difference was observed for the
distributed variables. Differences among the three age grolié\ (p > 0.05).
were assessed using one-way ANOVA for parametric data
and the Kruskal-Wallis test for non-parametric data. Among the ratio metrics, the CHR, CRR, and CUR
Descriptive statistics are presented as meatandard were significantly higher in males than in females on both
deviation (SD), along with minimum and maximum valuessides p < 0.001). In contrast, the rCHR did not differ
significantly between the sexgsx 0.05) (Table I).
RESULTS
Age-related comparisons Significant differences were
This study analysed posteroanterior wrist radiograplmbserved in left CH and left CRD, which were lower in the
of 300 individuals (150 males and 150 females) to investige2€—39 age group compared to the 40-59 age gnoup (
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0.05). Additionally, CRD was lower in the 20-39 age groug0-39 group than in the60 group p < 0.05), while no
than in the=60 age group for both right and left sides. Naignificant differences were observed between the other
significant differences in length measurements were obsengabups p > 0.05) (Tables Il and III).
between the other age groups>0.05). Similarly, angular
parameters, including carpal angle and radial inclination, didlISCUSSION AND CONCLUSION
not differ significantly among the age groups (p > 0.05).

Morphometric evaluation of the wrist in healthy

Analysis of ratio values revealed significantindividuals and assessment of age- and sex-related changes

differences among age groups for the CHR, CRR, and CUliRthese parameters play a critical role in guiding surgical
(p < 0.05). The CHR and CRR were significantly lower irprocedures, monitoring pathological wrist conditions, and
the 20—-39 age group compared to the older grqup®05), optimising orthotic interventions (Namazi & Khaje, 2015).
with no significant differences between the 40-59z6@ Wrist ratios are calculated from measurements obtained on
age groupsp> 0.05). CUR was significantly lower in the posteroanterior and lateral radiographs, based on specific

Table 1. Comparison of wrist measurements in males and females.

Parameters Male Female
Right . ; p
Mean+SD Min-Max Mean+SD Min-Max
Lengths (mm)
HL 213.01+11.07 186.31-246.04 191.77+9.36 170.02-224.71 <0.001*
CH 39.78+2.82 29.26-46.26 34.36+2.47 29.36-40.62 <0.001*
TMCL 70.25+4.40 60.53-83.16 63.46+3.58 52.86-73.5 <0.001*
SL 25.52+2.87 17.24-33.77 21.1442.21 14.73-26.72 <0.001*
CL 25.17+2.16 18.28-31.90 21.66%1.74 18.40-27.54 <0.001*
LW 12.90+1.33 8.06-17.01 10.72+1.02 7.26-14.02 <0.001*
CRD 25.04+2.27 17.05-31.64 21.01+1.83 17.27-29.99 <0.001*
CuD 25.81+2.14 19.78-32.33 21.83+1.73 18.10-28.10 <0.001*
Angles (°)
CA 128.58+6.26 114.58-149.22 125.6315.62 110.88-144.41 <0.001*
RI 25.15+3.94 13.80-35.10 25.35+4.12 15.04-36.45 0.931
Ratios
CHR 0.56+0.03 0.46-0.66 0.54+0.03 0.44-0.65 <0.001*
RCHR 1.58+0.09 1.31-1.86 1.59+0.09 1.26-1.84 0.619
CRR 0.35+0.03 0.25-0.45 0.33+0.03 0.26-0.48 <0.001*
CUR 0.36+0.03 0.27-0.43 0.34+0.03 0.27-0.50 <0.001*
Left
Lengths (mm)
HL 213.16+10.92 188.35-245.06 191.1749.07 172.10-227.01 <0.001*
CH 39.78+3.04 28.24-48.15 34.04+2.31 29.25-40.40 <0.001*
TMCL 70.29+4.51 61.26-85 63.65+3.57 52.71-75.27 <0.001*
SL 25.84+2.72 18.16-33.86 21.16%2.09 15.56-26.31 <0.001*
CL 25.32+2.15 18.39-31.10 21.69+1.64 17.37-26.47 <0.001*
LW 13.12+1.32 9.01-17.08 10.74+0.95 8.10-14.15 <0.001*
CRD 25.29+2.09 19.71-30.83 21.22+1.96 17.25-32.51 <0.001*
CUD 25.90+2.18 19.04-31.79 21.78+1.64 18.55-27.74 <0.001*
Angles (°)
CA 128.47+6.05 112.61-146.06 126.04+5.46 111.12-145.50 <0.001*
RI 25.69+3.86 14.52-36.30 25.854+3.83 14.96-37.44 0.708
Ratios
CHR 0.56+0.04 0.44-0.67 0.53+0.04 0.44-0.91 <0.001*
RCHR 1.57+0.10 1.30-1.88 1.57+0.09 1.26-1.85 0.848
CRR 0.36+0.03 0.28-0.46 0.33+0.03 0.25-0.55 <0.001*
CUR 0.36+0.03 0.26-0.44 0.34+0.028 0.27-0.48 <0.001*

HL : hand length, TMCL: third metacarpal bone length, CL: capitate length, CH: carpal height, SL: scaphoid length, LMdiilm&E@: carpal radial
distance, CUD: carpal ulnar distance, RIA: radial inclination angle, CA: carpal angle, CHR: carpal height ratio, rCHRamabkkdight ratio, CRR:
carpal-radial ratio, CUR: carpal-ulnar ratio, SD:standard deviation, Min: minimum, Max: maximum, *p<0.05, **p<0.001
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bony landmarks. In managing wrist pathologies, assessiftg diagnosis, treatment planning, and follow-up (Ominde

the degree of carpal collapse using these ratios is importabtl, 2022).

Table 1l. Comparison of wrist measurements in age groups.

Parameters 20-39 age 40-59 age >60 age p
Rafe i Mean+SD Min-Max MeanzSD Min-Max Mean+SD Min-Max
Lengths (mm)
HL 199.78+14.5 170.20-236.93  204.54+15.07 174.41-246.01 203.28+13.9 174.58- 0.065
CH 36.39+3.66 29.26-46.13 37.51+3.89 29.36-46.23 37.55+3.68 30.15-46.26 0.055
TMCL 66.50+5.39 53.10-80.32 67.2645.29 52.86-83.16 66.78+4.90 56.10-81.86 0.541
SL 22.73+3.37 14.73-31.42 23.6843.40 16.92-32.12 23.82+3.17 18.25-33.77 0.055
CL 23.12+2.79 18.28-31.90 23.73+2.54 18.44-29.37 23.39+2.46  18.81-30.64 0.126
LW 11.54+1.63 7.26-16.57 12.06+1.63 8.86-17.01 11.86+1.47 9.54-15.24  0.06C
CRD 22.49+2.83 17.27-31.64 23.35+2.94 17.05-29.99 23.44+2.75 18.70-29.10 0.037
CuD 23.28+2.72 18.10-30.55 24.13+2.72 18.58-32.33 24.29+2.89 19.12-29.80 0.026
Angles (°)
CA 126.82+6.38 110.88-149.22 127.3246.11 113.16-145.73 127.25+5.69 114.58- 0.806
RI 25.27+4.24 13.80-36.21 25.42+4.22 15.04-36.45 24.86+3.12 16.33-30.18 0.673
Ratios
CHR 0.54+0.03 0.44-0.63 0.55+0.04 0.44-0.65 0.56+0.03 0.50-0.66 0.026
RCHR 1.58+0.09 1.26-1.84 1.58+0.10 1.31-1.86 1.60+0.08 1.31-1.78 0.150
CRR 0.33+0.03 0.26-0.48 0.34+0.03 0.25-0.45 0.35+0.03 0.29-0.43 0.02*
CUR 0.34+0.03 0.27-0.44 0.35+0.02 0.30-0.43 0.36+0.03 0.30-0.50 0.008
Left
Lengths (mm)
HL 199.49+14.3  172.10-234.18 204.52+15.34  176.15-244.48 202.78+14.3 173.56- 0.059
CH 36.17+3.79 28.24-48.15 37.45+4.03 29.25-46.58 37.31+3.89  30.19-47.18 0.029
TMCL 66.60+5.30 53.61-80.96 67.5545.32 52.71-85 66.15+5.88  42.23-81.30 0.311
SL 22.93+3.39 15.56-31.21 23.8943.42 17.15-32.55 23.87+3.08  18.96-33.86 0.093
CL 23.16+2.72 17.37-31.10 23.82+2.57 19.06-30.64 23.56+2.55 18.85-30.82 0.135
LW 11.69+1.64 8.10-16.02 12.13+1.68 8.95-17.08 12.03£1.57 9.61-15.91  0.106
CRD 22.69+2.81 17.25-32.51 23.68+2.95 17.89-30.83 23.54+2.,70  18.55-28.70 0.022
CuUD 23.32+2.72 18.55-30.39 24.18+2.82 19.31-31.79 24.20+2.90 19.55-30.76 0.051
Angles (°)
CA 126.85+5.92 111.12-146.06 127.3645.92 111.14-145.50 127.85+5.76 112.61- 0.546
RI 25.98+3.97 14.52-36.30 25.81+3.98 14.96-37.44 25.29+3.26  17.08-31.00 0.52C
Ratios
CHR 0.54+0.03 0.44-0.65 0.55+0.04 0.46-0.66 0.56+0.05 0.44-0.91 0.009
RCHR 1.56+0.09 1.26-1.85 1.57+0.10 1.34-1.88 1.58+0.10 1.30-1.80 0.440
CRR 0.34+0.03 0.25-0.5 0.35+0.03 0.27-0.46 0.35+0.04 0.29-0.55 0.013
CUR 0.35+0.03 0.26-0.43 0.35+£0.03 0.29-0.44 0.36+0.03 0.30-0.48 0.019

HL:hand length, TMCL: third metacarpal bone length, CL: capitate length, CH: carpal height, SL: scaphoid length, LW: ltm&€Diccarpal radial
distance, CUD: carpal ulnar distance, RIA: radial inclination angle, CA: carpal angle, CHR: carpal height ratio, rCHR.amabkbdight ratio, CRR:
carpal-radial ratio, CUR: carpal-ulnar ratio SD:standard deviation, Min: minimum, Max: maximum, *p<0.05, **p<0.001

Parameters 20-39 vs. 4059 20-39 vs=>60 40-59 vs.>60
Right
CRD ND 0.040 ND
CHR ND 0.048 ND
RR .022 .01 ND . .
gUR ONOD 8802 ND Table Ill. Post hoc comparisons of wrist measurements
Ceft . between age groups.

CH 0.032 ND ND CH: carpal height, CRD: carpal radial distance, CUD: carpal ulnar
CRD 0.010 0.025 ND distance, CHR: carpal height ratio, CRR: carpal-radial ratio, CUR:
CHR 0.05 0.002 ND carpal-ulnar ratio, ND: no difference
CRR 0.022 0.003 ND
CUR ND 0.006 ND
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The results of this study showed that the morphometgonducted by Ucaat al (2006) on patients with rheumatoid
of osseous structures in the wrist region may differ accordiragthritis, carpal collapse was defined as a CHR value below
to age and sex. 0.48. They found that CHR values were lower in the patient
group compared to controls and observed carpal collapse in
Today, various parameters are used clinically to diagnos&.5 % of patients, whereas none of the healthy individuals
wrist pathologies. CHR is particularly useful for evaluatingxhibited collapse.
carpal collapse, which occurs in conditions such as rheumatoid
arthritis and scapholunate dissociation (Feigtehl, 1999). Nattrasset al. (1994) proposed rCHR for cases where
Carpal collapse, characterised by a reduction in CH, the entire third metacarpal cannot be visualised due to technical
associated with wrist pathologies such as carpal instabilitymitations, such as downward tapering of the radiographic
rheumatoid arthritis, Kienbock's disease (lunate osteonecrosisgam, or when the articular surface of the third
and traumatic wrist injuries (Tareg al, 2018; Omindet al, metacarpophalangeal joint is affected by degenerative joint
2022). These conditions can lead to a reduction in CH and CHitsease and difficult to measure. This ratio is calculated by
dividing CH by the length of the capitate bone. The capitate is
CHR is the standard method for assessing the degregoéferred because its margins are well-defined and it is rarely
carpal collapse. It was first defined by Yoetral (1978) who affected by pathology (Nattrags al, 1994; Agrawakt al,
reported an average CHR of 0.54.03, independent of age 2019; Omindeet al, 2022). Nattrasst al (1994) reported a
and sex (Younet al, 1978). Since then, numerous studies havmean CHR of 0.55 0.04 and a mean rCHR of 1.570.05
examined CHR across different populations. In a studifable V).

Table IV. Comparison with other studies regarding CHR and rCHR.

Author(s) Country n Sex Age CHR rCHR
Youm et al.,1978 USA 0.54+ 0.03
Nattrasset al.,1994 Canada 100 055+0.04 157+ 0.05
Jafariet al.,2012 Iran 150 052+31 15+ 0.09
120 M 053 +£0.05 149 + 0.06
F 0.51 +0.03 150 £ 0.06
Jeharet al., 2019 India T 0.52+ 0.05 150+ 0.06
<40 053 +£0.05 150 = 0.07
>40 052 +£0.04 149 + 0.06
Wanget al.,2010 Taiwan 261 051+ 0.03
Foteva & Poposka, 2010 Macedonia 100 053+ 0.02 156+ 0.02
Mohammed Ali. 2009 Egypt 300 M 0.53+0.03 153 +0.16
F 0.50+0.07 155+0.21
Schuindet al.,1992 USA 120 0.53+0.09
Omindeet al.,2022 Nigeria 047+0.04 1.36+0.07
M 052 +£0.05 149+0.1
F 051+£0.04 15+£011
Yal¢in & Polat, 2022 Turkiye T 051 +0.06 149+ 0.1
18-30 051 £0.05 148 £0.11
31-50 052 +0.04 15+01
>50 052 +0.05 15+01
Feipelet al.,1998 Belgium 80 052+0.07 1.48+0.14
Partapet al., 2024 West Indies 200 M 0486+ 0045 147 +0.085
F 0462 +0.050 1468 +£0.081
247 M 0.53 (0.04)
Sarharet al.,2024 Jordan 138 = 0.52 (0.09)
385 T 0.5 +£0.06
Bhatet al., 2024 India 250 M 053+ 0.05
250 F 0.50+ 0.05
150 M 056+0.03 1.58+0.09
Current study Tarkiye 150 F 054+0.03 1.57+0.09
300 T 0.55+0.03 1.58+0.09

CHR: carpal height ratio, rCHR: revised carpal height ratio, M: male, F: female
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Various studies have reported CHR values rangirgnd carpal-radial distance (CRD). In particular, left CH and
from 0.50 to 0.55 on average. In our study, the CHRRD were smaller in the 20—39 age group compared to the
measured using the Youm method was 04£58.03, =60 age group. These discrepancies may be attributable to
independent of age or sex, which is consistent with thdifferences in the sex distribution within age groups in the
findings from Canadian populations but higher than thatarious studies.
reported in other studies. rCHR has been reported in previous
studies to range between 1.36 and 1.57. In the present study, CRR and CUR reflect the positional relationships of
the rCHR measured using the Nattrass method wast1.58e carpal bones relative to the radius and ulna. The ulnar
0.09, which is higher than the values reported in all othdisplacement of the carpal bones and alterations in the wrist’s
studies (Younet al, 1978; Schuinét al, 1992; Nattrasst centre of rotation can affect wrist biomechanics and the
al., 1994; Feipett al., 1999; Mohammed Ali, 2009; Fotevanormal range of joint motion. These ratios provide
& Poposka, 2010; Wangt al, 2010; Jafaret al, 2012; quantitative measures that can predict ulnar-carpal
Tanget al, 2018; Jehaet al, 2019; Omindest al, 2022; translation, which is often associated with carpal collapse.
Yalcin & Polat, 2022; Bhadt al, 2024; Partapt al, 2024; CUR, in particular, is considered useful for evaluating
Sarharet al, 2024) (Table IV). patients with rheumatoid arthritis (Mohammed Ali, 2009;

Foteva & Poposka, 2010; Jafatial, 2012).

Studies across various populations have revealed that
CHR can vary according to sex and age. Research on Chinese In an Egyptian population, CRR was reported as 31.4
and Nigerian populations has reported significantly higher 3.1 in males and 296 2.7 in females, while CUR was
CHR values in men than in women (Waegal, 2010; 29.7+ 7.0 and 26.6% 8.4, respectively, indicating higher
Omindeet al, 2022). In contrast, a similar study conductedalues in males. CRR was 30.%72.2 in the 20-40 age
in Macedonia found no significant differences in CHR acroggoup and 30.2 2.4 in the=40 age group, whereas CUR
age or sex groups (Foteva & Poposka, 2010). Similarly,veas 27.75 5.3 and 28.& 5.0, respectively. They reported
study in Egypt observed no significant sex differences baob age-related difference for CRR, but CUR was higher in
reported a statistically significant increase in CHR witlhe older group (Mohammed Ali, 2009).In our study, both
advancing age (Mohammed Ali, 2009). CRR and CUR were significantly higher in males than in

females on both sides (p < 0.001). CRR was significantly

In a study conducted in India, Jeteral (2019) and lower in the 20—39 age group compared to older groups (p <
in another study conducted in Tirkiye, Yal¢in and Polat, h05), and CUR was significantly lower in the 20-39 group
statistically significant differences were found in CHR anthan in the=60 group (p < 0.05), with no significant
rCHR across age or sex groups. In our study, the rCHR valliferences among the other groups (p > 0.05). Contrary to
did not vary between age groups; however, CHR was highaur findings, a study conducted in Macedonia reported that
in males than in females, with lower values observed in ti@JR did not change according to age and sex (Foteva &
20-39 age group compared to other age groups (JharPoposka, 2010).
al., 2019; Yalcin & Polat, 2022) (Table IV).

Distal radius fractures are among the most common

These findings indicate that both age and sex shoultijuries encountered in emergency departments and
be considered when evaluating CHR. The observed increasthopaedic clinics, accounting for 15 %-20 % of all
in CHR with age in certain populations suggests that ageactures in these settings. Radial inclination is a key
related anatomical and biomechanical changes may influenm@@ameter in the radiological assessment and monitoring of
this parameter. Although our study identified significanthese fractures during treatment. The primary treatment goals
differences in CHR by age and sex, the absence of variati@me to restore the natural anatomical structure of the wrist,
in r*CHR suggests that this measure is less sensitive to racitEbilise the bone, and optimise wrist function, with an
or anatomical differences. emphasis on maintaining radial inclination within the normal

reference range (Vatanseetial, 2007; Chaet al, 2008).

Consistent with our findings, many studies have
reported that linear measurements are generally higher in  The radial inclination angles observed in our study
men than in women (Schuird al, 1992; Mohammed Ali, are generally consistent with those reported in other
2009; Jafaret al, 2012). Jafaret al (2012) observed that international studies, particularly in Belgian, Swedish,
CH, TMTL, LW, and CU measurements were higher in oldeChinese, and Malaysian populations (Friberg & Lundstrom,
age groups, whereas Schuiatal (1992) reported the 1976; Hollevoett al, 2000; Chart al, 2008; Tanget al,
opposite. In our study, no significant differences in lengtB018). However, the values reported in a Mexican population
measurements were found across age groups, except for &utly were significantly higher than those in our study and
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in other reports (Franco-Valenagal, 2006). These findings with findings from the studies of the Turkish population
highlight the need for population-specific reference valueéyalcin & Polat, 2022; Bilgiret al, 2023; Yazibas gt al,
given the substantial influence of population differences &023) and a multi-ethnic Malaysian population (Cégal,

distal radius morphology (Table V).

2008). However, a study of a Pakistani population reported
higher radial inclination in males (Khatal., 2023), while

In our study, radial inclination did not differ another study of a Mexican population reported higher values
significantly between males and females. This result aligins females (Franco-Valenciat al, 2006) (Table V).

Table V. Comparison with other studies regarding RIA.

Author(s) Country  Age

Sex

Side

RIA

Hollevoetet al., 1996 Belgium

25.6+3.2

20-29

30-39

40-49
50

Namaziet al., 2015 Iran

239
242
236
23.67

Friberg & Lundstrom, 1976  Sweden

25+2.2

Bilgin et al.,2023 Tarkiye

26.8+3.6
26.5%+2.9
26.7+£3.3

Yazibaset al., 2023 Turkiye 1019

20-65

23.31+4.10
23.27+3.56
24.40+3.19
22.81+442
22.28+361
23.85+3.71

18-30
31-50
=50

Yalcin & Polat, 2022 Tarkiye

MM A1

23.45+4.13
24.32+4.89
24.49+4.32
24.19+491
23.12+4.36

Khanet al.,2023 Pakistan

19-40
240

2495+
235+1.64
23.75+2.02
25.75+1.82

Tanget al., 2018 China

251421

Malaysia
India

Chanet al.,2008 China

24.8+3.03
27+3.18
24.1+£3.77
25.1+3.35
24.944.02

Franco Valenciat al.,2006 Mexico

3551+4.01
38.15+5.13

Current study Turkiye

MmN Z

T

rxroxr-rxoxr- X 3™

25.25+3.94
25.69+3.86
25.35+4.12
25.85+3.83
25.25+4.02
25.77+3.84
25.27+4.24
25.98+3.97
2542+4.22
25.81+3.98
24.86+3.12
25.29+3.26

RIA: radial inclination angle, M: male, F: female, T: total
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Regarding age, our study found that radial
inclination values did not change
significantly across age groups. These
findings are consistent with those reported
by Namazi & Khaje (2015), and Yal¢in &
Polat (2022). However, Yazibast al
(2023), observed significant age-related
differences in radial inclination among
males, with lower values in individuals
over 20 years, while no differences were
found among females. Similarly, Khah

al. (2023), in a study of the Pakistani
population, reported a significant
relationship between age and radial
inclination, with smaller values in
individuals aged 19-40 years compared to
those age@40 years (p < 0.05). These
results indicate that age-related
morphological changes in radial
inclination vary by population and sex.

The carpal angle was first defined
by Kosowicz in 1962. In his study of 466
healthy individuals, irrespective of age,
sex, or race, he reported an average carpal
angle of 131.5 7.2 (Kosowicz, 1962).
Some studies have indicated that
congenital malformation syndromes can
affect the carpal angle. Kosowicz
described a carpal angle of less tharf117
as a positive carpal sign, which indicates
gonadal dysgenesis (Kosowicz, 1962;
Harperet al, 1974).

Harperet al (1974), investigated
carpal angle variations according to age,
sex, and race in 928 Americans. They
reported mean carpal angles of 138 3%
the right and 131%0on the left. The study
found that the carpal angle is influenced
by several factors: it is larger in Black
Americans than in White Americans,
larger in males than in females, and
increases with age. The researchers also
noted that newborns have smaller carpal
angles than older children, likely due to
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incomplete ossification of the carpal bones or variability iIANDI, z.A. & UZUN, A. Analisis morfométrico de la articulacion
the positioning of ossification centres. They suggested thadiocarpiana en radiografias posteroanteriores: variaciones
the carpal angle stabilises once ossification is completacionadas con la edad y el sexo en una poblacion totca.
(Harperet al, 1974). Morphol., 44(1)221-230, 2026.

Hsiehet al (2011) reported that the carpal angle can RESUMEN: Este estudio tuvo como objetivo establecer

also be used to assess bone age and skeletal maturatioff {ffeS de referencia normales para la morfometria 0sea de la
articulacion radlocal’plana en radlograflas pOSteroante”OreS en

children. They compared carpal angle values of children W}B%rsonas de 20 a 74 afios, y analizar como estos valores y las

grew up in the mid-1960s with those of children from thg,,nociones ¢seas derivadas varian segn la edad y el sexo. El
mid-2000s and found that the latter group had significantbstudio se realizé utilizando radiografias posteroanteriores

larger carpal angles (Hsiet al, 2011) . bilaterales de la articulacion radiocarpiana de 300 personas sanas.
Se midieron las longitudes y los angulos de los huesos de la
In a study of a Japanese population, carpal angle watgculacion radiocarpiana con el programa Horos Medical Viewer,
reported to be independent of age and sex (Takahashi, 1987fs proporciones oseas de ésta se calcularon a partir de estas
Similarly, a study conducted in Germany found no agénedluones. Los participantes se clasificaron en tres grupos de
related changes in carpal angle (Whnaeelal, 1969). edad: 20-39, 40-59 60 afios. Los datos se analizaron segun la

C istent with th findi tudv ob d edad y el sexo. Todas las mediciones de longitud, asi como el
onsistent wi ese nindings, our study observe rE?]gulo carpiano, la relacion altura carpiano, la relacion carpo-radial

significant differences in carpal angle according to age agd; relacion carpo-ulnar, fueron estadisticamente significativas

sex. Compared with other populations, the carpal angle dfayores en hombres que en mujeres (p < 0,001). El analisis por
our study was higher than that reported in the Japaneg@pos de edad mostré que los individuos de 20 a 39 afios
population but lower than the values reported in Polishresentaron una altura carpiana izquierda y una distancia carpo-
American, and German populations (Kosowicz, 1962adial menores en comparacion con los grupos de mayor edad (p
Takahashi, 1967; Whnanekal, 1969; Harpeet al, 1974) < 0,05). Los anélisis de proporcion revelaron ademés una altura

(Table VI). carpiana, una relaciéon carpo-radial y una relacion carpo-ulnar
significativamente menores en el grupo de edad de 20 a 39 afios,

Table VI. Comparison with other studies regarding CA. mien_tras que no se observaron diferencias significa?ivas
Author(s) Country Sex Side CA relacionadas con la edad en los parametros angulares ni en la
Kosowicz, 1962 Poland 1315472 mayoria de las mediciones lineales. Las mediciones morfométricas

R 13675 de la articulacion radiocarpiana se utilizan ampliamente en el

Harperet al.,1974 USA L 1315 diagnostico y la evaluacion de patologias de la articulacion. Por

Takahashet al, 1967 Japan 196 lo tan'Eo_, es esen(_:ial establecer yalores de referencia normales
especificos para diferentes poblaciones y grupos de edad. Creemos

R 135.7 . . p L
Vyhnaneket al.,1969  Germany L 1359 gue nuestro estudio proporcionara una referencia util para futuras
" R 12858+626 Investigaciones en este campo.
IF‘Q i;gg;fggg PALABRAS CLAVE: Articulacion radiocarpiana;
Cument study Tlrkiye F L 126.04+5.46 Huesos del carpo; Radiografia; Valores de referencia; Turquia.
R  127.1046.12
L 127254588 REFERENCES
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